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ABSTRACT
High resolution spectra of 5 candidate metal-weak thick-disc stars suggested by
Beers & Sommer-Larsen (1995) are analyzed to determine their chemical abundances.
The low abundance of all the objects has been confirmed with metallicity reaching
[Fe/H]= −2.9. However, for three objects, the astrometric data from the Hipparcos
catalogue suggests they are true halo members. The remaining two, for which proper-
motion data are not available, may have disc-like kinematics. It is therefore clear that
it is useful to address properties of putative metal-weak thick-disc stars only if they
possess full kinematic data. For CS 22894-19 the abundance pattern similar to those
of typical halo stars is found, suggesting that chemical composition is not a useful
discriminant between thick-disc and halo stars. CS 29529-12 is found to be C en-
hanced with [C/Fe]=+1.0; other chemical peculiarities involve the s process elements:
[Sr/Fe]= −0.65 and [Ba/Fe]=+0.62, leading to a high [Ba/Sr] considerably larger than
what is found in more metal-rich carbon-rich stars, but similar to LP 706-7 and LP
625-44 discussed by Norris et al. (1997a). Hipparcos data have been used to calculate
the space velocities of 25 candidate metal-weak thick-disc stars, thus allowing us to
identify 3 bona fide members, which support the existence of a metal-poor tail of the
thick-disc, at variance with a claim to the contrary by Ryan & Lambert (1995).
Key words: Stars: abundances – Stars: Population II – Stars: fundamental parame-
ters – Galaxy: halo
1 INTRODUCTION
The disc of our Galaxy is rotationally supported with a small velocity dispersion and a scale height of about 300 pc. The
existence of a “thick disc” was highlighted by Gilmore & Reid (1983) using star count data. The proposed scale heights are
in the range 1.0-1.5 kpc, the asymmetric drift is in the range of 30-50 kms−1, and the velocity dispersion is about twice that
of the thin disc. Discs with a vertical scale height in excess of 1 kpc may be seen in external edge-on spiral galaxies with
small bulges, similar to our own (Van der Kruit & Searle 1981a,1981b,1982). Because suggested kinematical and chemical
parameters of the thick disc are similar to those of the thin disc, this makes their determination prone to selection effects,
and the issue of discreteness difficult to establish or reject. Whether the thick disc is a discrete component of the Galaxy or
it is merely an “extended” configuration of the disc, as suggested by Norris & Ryan (1991), is still an open question. For the
sake of clarity, in the following we shall refer to the two as “thin”(scale height ≈ 300pc) and “thick” (scale height >1 kpc)
without implying by this the discreteness of the components. The origin of the thick disc is not clear. In their review Gilmore,
Wyse & Kuijken (1989) list the possible formation mechanisms, which fall into three broad categories: 1) slow formation of
the disc ; 2) rapid formation of the thin disc and successive heating ; 3) accretion of satellite galaxies.
The thick disc is probably as old as the halo: Wyse & Gilmore (1995) claim that the thick disc is “apparently exclusively
old”. The absence of RR Lyrae variables with disc kinematics would rule out that the disc is as old as the globular clusters,
as had been noted by Majewski (1992). However the recent work of Martin & Morrison (1998) using new kinematic data for
a sample of 130 nearby RR Lyrae variables, was able to isolate a subsample of 21 stars with [Fe/H] ≤ −1.0 and disc-like
kinematics. The work of Fuhrmann (1998a), which makes use of Hipparcos data and high resolution, high S/N spectra, of
about 50 nearby F and G type stars, supports the notion that the thick disc is as old as the halo (≈ 12Gyr), while the thin
disc is younger than 9-10 Gyr, thus highlighting a hiatus in star-formation in the Galaxy.
The existence of the thick disc and its kinematical parameters have a direct bearing on the interpretation of data aimed
at the derivation of the rotational properties of the halo. As was pointed out by Majewski (1992) “ halo tracer surveys select
stars from regions dominated by either the thin or thick disk”. A mixture of rapidly rotating disc stars and retrograde rotating
halo stars could explain why such surveys determine a low prograde rotation for the halo, while Majewski’s high z sample
reveals a sizeable retrograde motion.
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The kinematical distinction between disc (thin or thick) and halo is rather abrupt and should not give rise to any confusion.
However, if we consider a metallicity biased sample of faint stars, their kinematics are imperfectly known (in general only radial
velocity and photometric or spectroscopic parallax are available), making it impossible to assign unambiguous membership to
the disc or to the halo on kinematical grounds. Can a selection may be made on chemical grounds alone? An answer to this
question requires knowledge of the metallicity distribution of the thick disc. The metallicity of the thick disc is considered
to be “intermediate” between thin disc and halo (Gilmore & Wyse, 1985; Carney Latham & Laird 1989) but a well defined
metallicity distribution is not yet available. Given the difficulty of isolating a pure thick disc sample, it is not surprising that
different selection criteria lead to different answers. Several studies have found a mean metallicity of the thick disc between
−0.6 and −0.4 (Gilmore & Wyse 1985, Sandage & Fouts 1987; Yoss, Neese & Hartkopf 1987, Carney et al. 1989; Friel
1987, Hartkopf & Yoss 1982; Ratnatunga & Freeman 1989). Morrison, Flynn & Freeman (1990) claimed that a metal-weak
tail of the thick disc extends down to [Fe/H]= −1.6. On the other hand, Majewski (1992) finds a mean metallicity of -0.13,
but suggests that the distribution is markedly non-gaussian and has a metal weak tail even more extreme than suggested
by Morrison et al. (1990). Gilmore & Wyse (1995) find from their in situ sample that the metallicity distribution peaks at
[Fe/H]= −0.7 and there is a large overlap in metallicity between thin and thick disc, the thin disc extending down to at least
-0.75 and the thick disc up to at least −0.3. Reid et al. (1997), studied a sample of faint M dwarfs at high galactic latitude
and found their data to be consistent with star-count models including three components (thin disc, thick disc, halo) and
that up to 2 kpc above the plane the abundances are close to the values of the old thin disc. The analysis of Reid (1998), who
used a recalibration of the colour magnitude diagrams of globular clusters based on local subdwarf calibrators with Hipparcos
data, to define a reference grid in the (MV , B − V ) plane, implies that ≈ 15% of local disc stars have [Fe/H] below −0.3.
Beers & Sommer-Larsen (1995) suggest that stars with disc-like kinematics may be found for arbitrarily low abundances,
although their sample, selected mainly on the criterion of low metal abundance, is not well suited to determine the metallicity
distribution of the thick disc. In their paper Beers & Sommer-Larsen provided a list of likely metal-poor thick disc stars, i.e.
stars whose position is such that the line of sight component of the thick disc rotational velocity is in excess of 100 kms−1.
Given the probable similarity in age of the halo and thick-disc, the existence of a metal-weak tail should be expected.
However the existence of a metal-weak tail of the thick disc is seriously challenged by the results of Ryan & Lambert (1995),
who analyzed at high spectral resolution a sample of expected metal-poor disc stars taken from the samples of Norris et
al. (1985) and Morrison et al. (1990) and found no star with disc kinematics below [Fe/H]= −1.0, arguing that the metallicities
inferred from DDO photometry by Morrison et al. (1990) were underestimated.
Nissen & Schuster (1997) studied a sample of stars of intermediate metallicity belonging to both the disc and halo for
which their lowest metallicity disc star has [Fe/H]=−1.3. In the Fuhrmann (1998a) sample the most metal weak thick disc star
is around [Fe/H]= −1.0. He was able to show that a discrimination between thin and thick disc is possible, if a combination
of kinematics, abundance and age data is used.
Here we report on the detailed abundance analyses of 5 of the most interesting candidates, based on high resolution
spectra. Li abundances for two of these objects have already been reported by Molaro, Bonifacio & Pasquini (1997).
2 OBSERVATIONS AND DATA REDUCTION
In September 1996 we observed CS 29529-012,CS 22894-019,BD −14◦5890, HD165195, HD26169 and CS 22959-007 with the
CASPEC spectrograph at the ESO 3.6 m telescope. The width of the lines of CS 22959-007 revealed that it is a spectroscopic
binary, it has been therefore dropped from the present analysis and we plan to collect other observations to elucidate its nature.
The stars which were selected from Table 8 of Beers & Sommer-Larsen, had already been observed by us in the red (Molaro
Bonifacio & Pasquini 1997). The echelle grating with 31.6 lines mm−1 and the Long Camera (f/3) were used. The detector
was the Tek CCD 1024× 1024 with 24 micron wide pixels and a readout noise of about 4e− per pixel. With the Long Camera
the scale at the detector was about 0.059 A˚ /pixel at 473.6 nm. The slit was set at 1.2
′′
arc seconds providing a resolving
power of R = λ/δλ ≈ 30000, as measured from the Thorium-Argon emission lines. The echellograms were reduced using the
MIDAS ECHELLE package. The background was subtracted and cosmic rays removed with the FILTER/ECHELLE command. The
images were not flat-fielded since this process increases the noise in the spectra and, at the wavelengths covered by our data,
fringing is not important. The spectra were then wavelength calibrated using the Th-Ar lamp spectrum, the root mean square
error of the calibration was of the order of 0.2 – 0.3 pm for all the 36 orders observed on the detector. The spectrum of CS
29529-012 and one of the spectra of CS 22894-019 were taken in bright time and the sky spectrum was subtracted. The other
spectrum of CS 22894-019 was taken during a total moon eclipse and sky subtraction was not necessary. The spectra of the
other significantly brighter stars were not seriously affected by the sky, because the exposure times were much shorter . For
CS 29529-012 and CS 22894-019 we also made use of the red spectra described in Molaro, Bonifacio & Pasquini (1997).
A synthetic spectrum was computed for CS 29529-012 and CS 22894-019 using the atmospheric parameters derived by
Molaro et al. (1997) and over-plotted on the observed spectrum for identification purposes. Blended or noisy lines were
removed in order to define a preliminary list of bona fide lines to be measured. These lines were measured on all the available
spectra by fitting a gaussian with the IRAF task splot which allowed the determination of line positions and equivalent
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Table 1. Basic data of program stars
Star Teff log g log g [Fe/H] [M/H]
a ξ vr
spec. Hip. kms−1 kms−1
CS 22894-19 6060 3.5 - -2.90 -3.00 2.0 32± 2
CS 29529-12 6197 3.0 - -2.27 -2.00 1.7 93± 2
BD −14◦5890 4700b 1.4 2.34 -2.52 -2.50 1.9 118± 2
HD 165195 4500c 1.1 1.42 -1.92 -2.00 1.6 0± 2
HD 26169 5000d 2.0 2.46 -2.61 -2.50 1.9 20± 15
a metallicity of the adopted model
b Cavallo et al (1997)
c Francois (1996)
d Peterson et al (1990)
widths. Since the dark-time spectrum of CS 22894-019 was by far superior to the bright-time one, we used only the equivalent
widths measured from this one. However the line positions were taken from both and the resulting radial velocities were
averaged.
3 ATMOSPHERIC PARAMETERS
For the stars BD −14◦5890, HD165195 and HD26169 we adopted effective temperatures from the literature, as detailed in
Table 1, while for CS 29529-012 and CS 22894-019 we adopted the temperature derived from (B−V )0 by Molaro et al. (1997).
For all the stars the gravity was derived from the FeI/FeII ionization equilibrium and the microturbulent velocity by the
constraint that the FeI abundance be independent of equivalent width. Given the poor S/N of the spectra of the CS stars we
were forced to use mainly strong lines and therefore the microturbulent velocity is poorly constrained.
Both CS 22894-19 and CS 29529-12 are classified as dwarfs by Beers et al. (1992). For CS22894-19 we derived a gravity
of log g = 3.5 using 3 Fe II lines. We had excluded the FeII 516.9 nm line because it yields an abundance which is almost 0.5
dex lower than that of the other three lines, regardless of the gravity. By taking the Fe II abundance to be the average of all
four lines one would derive a gravity of log g = 4.0. Since we assumed this line to be affected by noise we removed it from
the analysis. Further support for the subgiant status of CS22894-19 comes from the Mg I b triplet lines: with log g = 3.5 the
computed lines provide a satisfactory fit, whereas with a log g = 4.0 the computed lines are considerably broader than the
observed ones.
Our gravity for CS29529-12 was log g = 3.0 derived using five Fe II lines. Both Fe I and Fe II have a rather small rms
scatter of about 0.2 dex in the abundances. Since a change as large as 0.5 dex in log g does not produce a difference larger
than 0.2 dex in the abundances of the two species, we consider the gravity to be uncertain by ±0.5 dex. With the log g =3.00
the computed line strengths of the b triplet are internally consistent and match the observed one. However the Mg I 470.2991
nm line yields an abundance which is about 0.5 dex larger. A decrease of surface gravity or microturbulent velocity lessens
the disagreement among Mg lines. For log g = 2.5 and ξ = 1.5, values which are not unreasonable, the difference is 0.37
dex, and for log g = 2.0 ξ = 1.5 it is 0.27 dex. This is because the Mg b triplet lines are sensitive both to pressure and to
microturbulence, while the abundance from the Mg I 470.2991 nm line is not very sensitive to gravity, where a decrease of 1
dex in log g produces only an increase of 0.065 dex in Mg abundance.
Recently it has been realized that ionization equilibria provide gravities which are up to 0.5 dex lower than the gravities
derived in stars with accurate Hipparcos parallaxes (Nissen Hoeg & Schuster 1997; Fuhrmann 1998b). We preferred the log
g given by ionization equilibrium for abundance analysis, both for homogeneity with the analysis of the two stars for which
Hipparcos data are not available, and because the structure of the atmospheric model satisfying the iron ionization equilibrium
better reproduces the observed spectrum than does a model with the Hipparcos gravity.
3.1 Evolutionary status
To gain some insight into the evolutionary status of the stars in our sample we compared their temperatures and gravities
with those predicted by theoretical isochrones. In Figure 1 we show the Teff - log g diagram with the Revised Yale Isochrones
(RYI ; Green et al 1987) for metallicity [Fe/H]= −2.0 and −3.0, an age of 12 Gyr and helium mass fraction Y=0.25. The
isochrones of the Padova group (Bertelli et al 1994) are also shown for [Fe/H]=-1.7 (z=0.0004), ages of 12 Gyr and 6 Gyr,
and Y=0.23.
The position of the two CS stars is anomalous, although given the large uncertainty associated with their gravities they
are in fact compatible with a TO or SG status. They actually occupy an area in the diagram occupied by Horizontal Branch
4 P. Bonifacio, M. Centurion and P. Molaro
Figure 1. Teff -log gdiagram for our program stars. Solid lines are RYI isochrones for [Fe/H]=−2.0 and −3.0 (bluemost), 12 Gyr and
Y=0.25. The dots represent the Padova isochrones for [Fe/H]= −1.7, 12 Gyr and 6 Gyr (bluemost) and Y=0.23. The age-metallicity
degeneracy is evident.
stars, or Subgiant stars of much younger age (below 8 Gyr). For the three giant stars, for which Hipparcos parallaxes are
available, we may compute gravities using the equation
log
g
g⊙
= log
M
M⊙
+ 0.4(V0 +B.C.) + 2 log π + 0.12
(see e.g. Nissen et al 1997), where we assumed M = 0.8M⊙, as is appropriate for giants stars on the RYI isochrone for
[Fe/H]=−2.0, shown in figure 1 (note that changing the mass to 0.5M⊙ would decrease the log g by only 0.2 dex). These
gravities are, as expected, larger than the spectroscopic gravities and are given in table 1. The HB hypothesis may be discarded,
because both stars show a normal Li abundance ( Molaro et al. 1997) while a star during its red giant phase is expected
to decrease its photospheric Li content due to depletion and dilution . That the stars are very young is rather problematic
considering their low abundance. Moreover the results of Fuhrmann (1998a) imply that the thick disk is an old population.
From our spectroscopic gravities we may derive distances for these stars, which are much greater than those given by Beers et
al. (1992), who assumed a TO status. For CS22894-19 we derive 1.7 kpc, compared to 1.1 kpc of Beers et al. ; for CS29529-12
1.2 kpc, compared to 0.4 kpc of Beers et al. .
It is for CS 29529-12 that the situation is more critical: if the ionization equilibrium gravity is wrong then the star can
really be a turn-off star. If this is the case, then the surface gravity is around log g = 4.0, whichever isochrone set we use.
However, on performing an abundance analysis with this surface gravity we find several chemical inconsistencies, as shall be
detailed in section 5. There will be a discrepancy of 0.34 dex between the results for Fe I and Fe II, which is not inconsistent
with the rms scatter of each species. The chemical composition would then show some peculiar ratios: [Mg/Fe]=+0.17± 0.27
[Ca/Fe]=+0.13 ± 0.26 and [TiII/FeII]=+0.40± 0.29. The errors are estimated by just summing under quadrature the line to
line scatter given in Table 3. The errors in Teff and ξ for [Mg/H], [Ca/H], [Ti/H] and [Fe/H] are in the same direction and
about the same magnitude, so that they will cancel out. The errors in log g, instead, are in different directions for [Mg/H],
[Ca/H] and [Fe/H], so that this contribution should also be added under quadrature, making the errors on [Mg/Fe], and
[Ca/Fe] even larger. For Ti we considered only the [TiII/FeII] so that errors in log g will cancel out. Although the errors
allow all these ratios to be consistent with a “standard” [α/Fe]= +0.4, their values, taken at face value, appear anomalous.
While the existence of α-poor metal-poor stars has been reported by Carney et al (1997), Nissen& Schuster (1997) and Jehin
et al (1997), it is difficult to believe that Ti is over-enhanced with respect Mg and Ca. In fact while Mg and Ca are “pure”
alpha-elements, Ti is also produced in nuclear statistical equilibrium together with iron-peak elements, thus it is expected to
be under-enhanced with respect to Mg and Ca (Timmes et al. 1995). Observers have either claimed that Ti goes in lockstep
with Ca while Mg is over-enhanced (Primas et al. 1994, Ryan et al. 1996), or that Ti is slightly under-enhanced with respect
to Ca and Mg (McWilliam et al. 1995). So far there has been no report of a Ti over-enhancement in metal-poor stars.
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4 MODEL ATMOSPHERES AND ANALYSIS
For each star we computed a model-atmosphere using version 9 of the ATLAS code (Kurucz 1993) with the above determined
parameters. We used the α-enhanced opacity distribution functions (ODFs), a microturbulence velocity of 1 kms−1and no
convective overshooting. These model atmospheres and the measured equivalent widths were used as input to the version 9 of
the WIDTH code (Kurucz 1993) to determine the elemental abundances. At this stage some of the lines were removed from
the analysis when their abundance was deviant from that of the other lines of the same species by more than 1 σ. Equivalent
widths, atomic data and derived abundances for the lines which were retained are listed in Table 2.
We consider errors which arise from errors in the equivalent widths and errors in the model-atmosphere parameters. We
ignore errors in the atomic data and errors due to shortcomings in the model-atmosphere (treatment of convection, reliability
of 1D-models). Formula (7) of Cayrel (1988) provides a conservative estimate of the errors in the equivalent widths: for our
instrumental setup, we estimate an error of 0.5 pm for the dark-time spectrum of CS22894-019, 0.8 pm for the spectrum
of CS29529-012 and around 0.1 pm for the giants. Misplacement of the continuum can introduce an error in the equivalent
width of up to 1.6 pm. Somewhat smaller errors are expected for the lines which could be measured in two adjacent orders.
We believe that a realistic estimate of abundance errors may be obtained from the line to line scatter when several lines are
available. We investigate in detail the errors only for CS29529-012. For each element in Table 3 we report five errors: σ is
the r.m.s. error or line to line scatter for species with more than one line, the other columns are the variation in abundance
deduced for an increase in log g by 0.5 dex, a decrease in Teff by 130 K, an increase in ξ by 0.3 kms
−1and an increase in
equivalent widths by 0.4 pm. These errors may be used as a guide to assess the influence on the abundances of errors in model
parameters and equivalent widths. We expect the situation for the other stars to be quite similar.
5 RESULTS
For CS 22894-19 and CS 29529-12 we derived [Fe/H]= −2.90 and −2.27 respectively, the metallicities derived from the Ca II
K index by Beers et al. (1992) for the two stars are −3.03 and −1.54, respectively. While for CS 22894-19 there is a substantial
agreement, for CS 29529-12 our metallicity is considerably lower than previously estimated. A stronger than normal Ca II
K line, or contamination of an interstellar Ca II line, could have explained the discrepancy between our metallicity and that
of Beers et al. (1992). However we verified with spectrum synthesis that the Ca abundance derived from the Ca I lines is
compatible with the Ca II H and K lines.
For a few lines in the giant stars we resorted to spectrum synthesis either because the lines are mildly blended or because
we felt that the gaussian fit used to measure the equivalent width did not capture satisfactorily the line wings as is the case
for the Mg I b triplet lines of HD 161695.
For Mn we report the abundances only for the two CS stars, because for the giants the lines are saturated, and thus not
suitable for abundance determination. The lines were treated by spectrum synthesis accounting for the hyperfine splitting.
The relevant atomic data was taken from McWilliam et al. (1995).
The abundances in CS 22894-19 are similar to those of typical halo stars of comparable metallicity and in that respect
unremarkable.
CS29529-12 deserves some additional remarks. Among the observed Cr lines there is some discrepancy. The abundance of
Cr given in Table 4, has been derived from one resonance line of multiplet 1 ,427.5 nm (we excluded CrI 425.4 nm because it
is rather large in our spectrum and we suspect it to be blended, possibly with a Cr II line, and 429.0 nm because it yields an
abundance which is 1 dex higher than the other lines) and the three lines of multiplet 7. All the log gf values are computed from
the transition probabilities of the compilation of Younger et al (1978). The data for multiplet 7 are less accurate, owing to a
possible self-absorption in the emission-line experiments; however their uncertainties should be within 50% , which translates
into a 0.2 dex uncertainty in log gf and therefore abundance.
The Sr abundance is derived from the Sr II 421.5 nm resonance line only, because the stronger Sr II 407.8 nm line is
affected by noise in our spectrum. The barium abundance is obtained from the 445.5 nm line. This line may be potentially
affected by hyperfine structure (hfs) but in an amount which depends on the relative importance of s or r processes (see Norris
et al 1997a). When the s process is dominant there is a minimal production of the odd isotopes where the hfs is important.
Sr is over-deficient by −0.65 dex, while Ba is over-abundant by 0.62 dex. This yields [Ba/Sr]=+1.3, which is rather
unusual for “normal” metal-poor stars, where it is found negative. However s− enriched metal-poor stars, such as carbon-rich
stars (CH,sgCH), do show [Ba/Sr] ratios in the range 0.5 to 2, this is generally understood to be due to the fact that at low
metallicities the main neutron source necessary for the s− process is 13 C(α, n)16O, rather than 22Ne(α, n)25 Mg (Luck &
Bond 1982). In fact CS 29529-12 is mildly C enhanced with [C/Fe] on the order of +1.0. The carbon abundance has been
derived from spectral synthesis of the G band. The star has not been noticed to have extremely strong G-band by Beers
et al. (1992), as its GP index is 0.92, which is only slightly larger than the median GP value for metal-poor stars around
metallicity -2.0.
We do not have information on nitrogen and oxygen since the CN 388.3 nm band falls outside our spectral range and the
noise at the OI 630.0 nm line does not allow us to place useful limits on the oxygen abundance. Adopting [O/Fe]=+0.6 dex
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Table 2. line data and individual abundances
λ(nm) χ(cm−1) loggf EW (pm) ǫ EW (pm) ǫ EW (pm) ǫ EW (pm) ǫ EW (pm) ǫ
CS 22894-19 CS 29529-12 BD −14◦5890 HD 165195 HD 26169
Na I 588.9951 0.000 0.117 6.57 3.15 19.10 5.57
Na I 589.5924 0.000 −0.184 4.47 3.13 17.20 5.68
Mg I 470.2991 35051.264 −0.666 2.61 5.33 7.36 6.21 9.72 5.92 − −6.20 8.08 5.76
Mg I 517.2684 21870.464 −0.402 11.26 4.87 14.50 5.71 27.00 5.51 − −6.40 21.12 5.31
Mg I 518.3604 21911.178 −0.180 13.20 4.92 15.60 5.63 30.56 5.43 − −6.40 24.52 5.31
Al I 396.1520 112.061 −0.323 6.98 3.01 9.28 3.70 28.25 3.14 22.82 3.90 13.62 3.16
Ca I 422.6728 0.000 0.243 10.75 3.49 12.63 4.26 30.02 4.15 − − 23.13 4.12
Ca I 430.2528 38551.558 0.275 4.48 4.01 5.69 4.37 − − − − − −
Ca I 445.4779 37757.449 0.252 3.84 3.91 5.50 4.35 8.98 4.05 − − 7.96 4.01
Ca I 616.2173 31539.495 0.100 − − 6.52 4.65 − − − − − −
Sc II 424.6822 2540.950 0.322 3.49 0.07 7.24 0.74 12.51 0.42 15.83 1.12 10.89 0.44
Ti II 430.0049 9518.060 −0.750 3.75 2.39 − − − − − − − −
Ti II 439.5033 8744.250 −0.650 5.00 2.41 9.30 3.31 − − 21.34 3.89 10.17 2.47
Ti II 444.3794 8710.440 −0.810 − − 6.80 2.87 11.22 2.53 14.59 3.33 10.18 2.63
Ti II 446.8507 9118.260 −0.600 3.90 2.21 7.10 2.76 12.65 2.69 16.90 3.48 10.83 2.61
Ti II 450.1273 8997.710 −0.750 − − 8.30 3.17 12.00 2.69 16.08 3.50 10.07 2.56
Ti II 457.1968 12676.970 −0.530 3.61 2.49 7.00 3.07 11.91 2.93 16.86 3.82 10.17 2.85
Cr I 425.4332 0.000 −0.114 3.99 2.49 − − 11.66 2.67 16.10 3.35 9.79 2.57
Cr I 427.4796 0.000 −0.232 4.40 2.68 6.55 3.33 12.15 2.89 17.07 3.64 10.48 2.86
Cr I 428.9716 0.000 −0.365 2.18 2.36 9.94 4.35 − − − − − −
Cr I 520.4506 7593.160 −0.170 1.81 2.90 3.20 3.41 − 3.17 − 3.50 − −
Cr I 520.6038 7593.160 0.030 2.05 2.77 5.50 3.66 − 2.78 − − − 2.72
Cr I 520.8419 7593.160 0.160 2.13 2.66 4.40 3.31 − 2.98 − 3.50 − −
Mn I 403.0753∗ 0.000 − − 2.20 − − − 3.00 − − 12.04 2.87
Mn I 403.3062∗ 0.000 − − 2.15 − − − − − − 10.17 2.50
Mn I 403.4483∗ 0.000 − − 2.20 3.12
∗ treated by spectrum synthesis with HFS splitting as given by McWilliam et al (1995)
which is typical of Population II stars we have [C/O]=+0.4, which is not enough to classify it as a carbon star, but which
clearly shows a carbon enhancement with respect to normal dwarfs.
The cases of carbon-enhanced metal-poor stars are discussed by Norris et al. (1997a) who emphasized the relatively high
frequency of carbon-enhanced stars at low metallicity compared to current chemical galactic evolution models. These stars
show a large variety of chemical behaviour for the neutron capture elements going from the case of CS 22892-52, where a
large abundance of r elements is present, to the case of CS 22957-027 (Norris et al 1997b, Bonifacio et al 1998) where the C
overabundance is observed together with a strong underabundance in the neutron-capture elements.
The distinctive peculiarity of CS 29529-12 is that the carbon enhancement is observed together with a Ba enhancement,
but with very little Sr. The quantity [hs/ls], defined as the difference between the mean abundance of the heavy s process
elements, such as Ba, and the abundance of the lighter ones such Sr, is heavily weighted toward higher atomic number in
stars which show neutron capture elements enhancement.
Norris et al. found that the [hs/ls] ratio increases at low metallicities being about 1.5 for the two stars LP 625-44 and
LP 706-7 which have [Fe/H] around −3.0 . CS 29529-12 is slightly more metal-rich and with a less extreme carbon abundance
but an [hs/ls] ratio very similar to that of these two stars.
Chemical peculiarities in cool stars are interpreted to be the result either of mixing in the star itself or of accretion
from an evolved companion. In particular the formation of Ba stars, CH stars and dwarf carbon stars probably involves the
evolution of a binary system.
We further note, with regard to chemical peculiarities of CS 29529-12, that the lithium abundance (ǫ(Li) = log(Li/H) +
12 = 2.21) is found at the value typical of the other low-metallicity turn-off stars (Molaro et al 1997). If the star had undergone
some unusual surface disturbance as a result of self-mixing or of the dredge up of processed material onto their surfaces, the
Li surface abundance would have been modified. Li is easily destroyed if mixed into deeper layers where temperatures reach
a few million degrees. The apparent normality of Li is thus suggestive evidence that the star has not experienced major
modifications of its surface abundance by mixing with internal layers. A similar case is that of LP 706-7 (= G268-32) with
ǫ(Li) = 2.25 (Thorburn 1994) and CS 22898-027 with ǫ(Li) = 2.52 (Thorburn & Beers 1992)
The binarity hypothesis remains favoured and should be checked by additional observations. While, for LP 625-44, radial
velocity and Li abundance are consistent with the binarity for LP 707-7 there is no clear evidence of radial velocity variations
and its Li abundance is at the the level of the Spite Plateau. It would be interesting to establish if CS 29529-12 is analogous
to LP 706-7, because these objects are very difficult to account for in present stellar evolution theory.
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Figure 2. Na I D lines of CS 29529-12.
The abundance of Na deduced from the D lines is remarkably high, the lines are shown in Fig. 2. It is true that in this
temperature and metallicity range the sodium D lines are known to be strongly affected by NLTE effects (Baumu¨ller, Butler
& Geheren, 1998), however the correction should be at most of the order of -0.5 dex in [Na/Fe], thus leaving an uncomfortably
large overabundance of 1.0 dex. For confirmation of the overabundance we searched for the subordinate lines at 568.2633
nm, 568.82 nm and 616.0747 nm. The last is affected by atmospheric emission in our spectrum, the first two should have an
equivalent width around 4 pm for the Na abundance implied by the resonance lines, one is marginally detected but the other
is not, so the test is inconclusive. The sodium overabundance persists even if we adopt the gravity of log g = 4.0, although
reduced by 0.6 dex. The three bright giant stars have been studied by several authors, and so in the appendix we compare
our results with the literature.
6 KINEMATICS OF METAL WEAK THICK DISC CANDIDATES
For all the program stars we determined radial velocities from the lines used in the abundance analysis. The r.m.s scatter is
on the order of 0.7-0.9 kms−1 for the brighter giant stars, while it is of the order of 1.6 kms−1 for the lower S/N data of the
fainter CS stars. In both cases the resulting error in the radial velocity is dominated by the uncertainty in the zero point shift,
which is on the order of 2 kms−1, except for HD26169, for which an arc frame at that telescope position was not available
and the zero point error could be as large as 15 kms−1. The radial velocities which we have determined from our spectra are
in good agreement with those given by Beers & Sommer-Larsen (1995) and Molaro et al. (1997), with the possible exception
of HD26169, for which we note that while Beers & Sommer-Larsen (1995) give −24 kms−1, Norris (1986) gives −35 kms−1.
The three giants have parallaxes and proper motions measured with the Hipparcos astrometric satellite, but for the two
CS stars the full kinematics cannot be recovered because there are no proper-motion data.
We used the matrices given by Johnson & Soderblom (1987) to compute spatial velocities and associated errors, adopting
the left-handed reference frame in which U is directed towards the Galactic anti-center, V in the direction of Galactic rotation
and W towards the North Galactic pole. We therefore changed the sign in the top row of the matrix given by Johnson &
Soderblom (1987). All the velocities given are heliocentric. The error in the space velocities is dominated by the error in
the parallax. The proper motion and radial velocity data yield errors in the derived space velocities of the order of a few
kms−1while the parallax data, yield errors which are over an order of magnitude greater. Therefore, we considered also the
photometric parallax which we derived by estimating the absolute magnitude by interpolating in the proper RYI isochrone
(Y=0.25, age of 12 Gyr and metallicity of the star) for the star’s assumed effective temperature. These absolute magnitudes
and the derived space velocities can be found in the Table 5.
For BD −14◦5890 the trigonometric parallax is formally undetermined because of its large error of 126%. Its space
velocities derived from the parallax listed in the Hipparcos catalogue are quite “normal” halo velocities. On the other hand,
the space velocities derived from the photometric parallax are those of a runaway star, with a large retrograde orbit, which
is too extreme to be believable. Even if the parallax were as large as 7 mas, i.e. 3σ larger than the Hipparcos parallax,
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the kinematics of the star would still not be disc-like. Although its circular velocity would be similar to that of the sun
its large U and W velocities would identify it as a halo member. We therefore consider the Hipparcos parallax to be quite
close to the true parallax in spite of the large error. For HD 26169 we exclude a disc-like kinematics, for the same reasons
as for BD −14◦5890. For HD 165195 the trigonometric and photometric parallax agree within 0.03 mas. The derived space
velocities differ little and qualify this star as a member of the halo. Of the three giants, however, this is the one with the
smallest U and W velocities, which may suggest a disc motion. In fact if we assume the parallax to be larger by 2σ we find
its rotational velocity to be 150 kms−1and its kinematics may be effectively described as disc-like. HD 165195 could possess
disc-like kinematics if its parallax were some 2σ larger than the Hipparcos one, however the good coincidence between the
photometric and trigonometric parallaxes make this event unlikely.
We next investigated how many of the 44 stars given in Table 8 of Beers & Sommer-Larsen (1995) have Hipparcos data.
We found 23 objects. We removed two from our sample because they have a negative parallax.
The kinematics of HD 111721 is quite remarkable, being in retrograde motion with a speed in excess of 600 kms−1. For
the three RR Lyrae variables in this list the full space kinematics have already been computed by Martin & Morrison (1998),
using proper motions from Hipparcos combined with ground-based data, and distances from Layden (1994) which relied on
an absolute magnitude calibration of the RR Lyrae variables. We used their data to compute the space velocities of these
stars and confirm their conclusion that XX And and SW Aqr belong to the halo while EZ Lyr belongs to the metal weak
thick disc. These data are also given in table 5. We draw essentially the same conclusion if we use the radial velocities from
Beers & Sommer-Larsen (1995) and the Hipparcos parallaxes, except for EZ Lyr, whose Hipparcos parallax is undetermined
(error larger than parallax). A caveat for RR Lyrae stars is that the radial velocity of a pulsating star is prone to systematic
errors. We note here that the Simbad data base gives the values of -5 kms−1and +21 kms−1for SW Aqr and the values -25
kms−1and -0.6 kms−1for XX And .
We also reconsider the kinematics of the stars of Carney et al. (1997) since all of their “candidate thick disc” stars now
have Hipparcos data. The space velocities and kinematical data are reported in Table 5. Two stars (G023-014 and G190-015)
show disc-like kinematics, two (BD +80◦245 and G182-031) have halo kinematics while one, G090-003, shows undetermined
kinematics, since its Hipparcos parallax is undetermined (error larger than the parallax).
On the basis of the spectroscopically determined gravity Carney et al. computed space motions which are in substantial
agreement with those given here for BD+80 245, G182-031 and G190-015, but in strong disagreement for G023-014.
By combining the Beers & Sommer-Larsen and the Carney et al. samples we compile a sample of candidate metal-weak
thick-disc stars which possess Hipparcos proper motions using the following criteria: we exclude all stars whose Hipparcos
parallax has an error greater than 200 %, but include the RR Lyrae variables using the Layden (1994) distances and the
Martin & Morrison (1998) proper motions, which are based also on Hipparcos data. For these stars we adopted as errors
on the space velocities (66,66,52) kms−1, which is
√
22 × ∆, where 22 is the size of their metal weak disc sample (sample
DISK2A) and ∆ are the errors of the mean velocities of the sample quoted in their table 3. This constitutes a sample of 25
stars for which absolute space motions can be computed.
Figure 3 is a U, V diagram for all those stars and includes the three giants investigated in this paper. It can be seen
that the majority of the stars qualify as true halo members. To select a sub-sample of likely metal-weak thick-disc stars we
must assume a specific set of kinematic parameters: we adopt the parameters of the sample DISK2A of Martin & Morrison
(1998) i.e. (< U >,< V >,< W >) = (12 − 59,−19) kms−1and (σ(U), σ(V ), σ(W )) = (64, 64, 62). As parameters we use V
and K2 = (U2 +W 2), which is a measure of the kinetic energy not associated with rotation. Clearly a star with high K2
does not qualify as a disc star. To a good approximation we may write < K2 >= σ2(U)+ < U >2 +σ2(W )+ < W >2 and
σ2(K2) = 4 < U >2 σ2(U) + 4 < W >2 σ2(W ). By imposing a 2σ criterion (we select all stars with K2 ∈ [2299, 12311]km2s−2
and V ∈ [−187,−69]kms−1) we isolate 7 stars: G190-15, HD165195 HD6446, HD23592, HD27928, HD97320, EZ Lyr. Only 3
stars match a 1σ criterion: G190-15, HD97320, EZ Lyr.
With such a small sample very little can be said about the nature of the metal-weak thick-disc. One of the main conclusions
is that Table 8 of Beers & Sommer-Larsen (1995) is probably not the best place to look for metal-weak thick disc-stars. Quite
likely the problem of finding such stars cannot be addressed with only incomplete kinematic information. In spite of this it has
been possible to show that stars with disc kinematics and metallicity below [Fe/H]≈ −1.0 do exist. HD 166913 ([Fe/H]= −1.80)
and HD 205650 ([Fe/H]=−1.30) are an other two metal-poor stars with disc kinematics which have been noted by Romano
et al. (1999) in the course of their analysis of the sample of stars with Li measurements.
To demonstrate the situation we show a plot of [Fe/H] versus K2 in Fig. 4. With such a diagram, once the effects of halo
contamination have been understood, and with a significant number of stars one should be able to infer knowledge of the
coupling of chemical and kinematical evolution of the thick disc. A uniform distribution of stars with [Fe/H] would support
a slow formation of the thick disc, while a distribution peaked at some narrow range in [Fe/H] would testify in favour of a
short timescale.
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Figure 3. U, V diagram for our sample of stars, the three giants for which abundance analysis is reported in the paper are identified by
crossed symbols
Figure 4. K2(= U2 +W 2) as a function of [Fe/H]. Such a diagram should help to infer knowledge on the coupling of chemical and
dynamical evolution of the thick disc.
7 CONCLUSIONS
Our analysis of chemical abundances has confirmed that all of our program stars are indeed metal-poor with iron abundances
less than about one hundredth the solar abundance. The Hipparcos data allowed us to compute the kinematics of the giant
stars which qualifies them as halo members; for the two fainter stars CS 22894-019 and CS 29529-012 no proper motion data
are available and their membership of the thick disk cannot be established or rejected.
The ionization-equilibrium gravities are not compatible with a TO status of CS 22894-019 and CS 29529-012. On the
other hand, their Li abundances prohibit their interpretation as HB stars. Therefore they are probably in the SG phase.
The chemical composition of four out of our five program stars is that typical of halo stars. CS 29529-012 is C enhanced
and has a high [Ba/Sr] ratio, which features make it akin to the metal-poor carbon-rich stars studied by Norris et al. (1997a).
It also displays a huge Na abundance which, however, we regard as doubtful, in view of the non-detection of the subordinate
Na I lines. Further observations are encouraged; it is possible that the combined effects of NLTE and a higher gravity may
result in a value of [Na/Fe] lower by about one dex.
In order to shed further light on the metal-weak thick-disc, proper motion data for these two stars, as well as for the other
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Figure 5. The Ba resonance line in CS 29529-12, the dotted line is a synthetic spectrum computed assuming ǫ = +0.48.
metal-poor stars of comparable magnitude are badly needed. The present paper, in line with other recent chemical analyses
of thick disc stars (Nissen & Schuster 1997, Fuhrmann 1998a), suggests that no chemical signature is likely to be found to
discriminate between halo and metal-weak thick-disc.
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Table 2.(continued) line data and individual abundances (continued)
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Mg 0.17 −0.15 −0.11 −0.08 +0.05
Al − −0.01 −0.11 −0.15 +0.09
Ca 0.15 −0.11 −0.17 −0.09 +0.08
Sc − +0.17 −0.06 −0.10 +0.09
Ti 0.20 +0.17 −0.05 −0.12 +0.10
Cr 0.16 −0.01 −0.12 −0.06 +0.08
Fe 0.21 +0.02 −0.11 −0.13 +0.09
Sr − +0.15 −0.09 −0.14 +0.12
Ba − +0.12 −0.08 −0.27 +0.11
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Table 4. Abundances
ǫ⊙ ǫ [X/Fe] ǫ [X/Fe] ǫ [X/Fe] ǫ [X/Fe] ǫ [X/Fe]
CS 22894-19 CS 29529-12 BD −14◦5890 HD 165195 HD 26169
Na 6.33 3.13 −0.29 5.62 : 1.56 :
Mg 7.58 5.04 +0.36 5.85 +0.54 5.61 +0.55 5.74 +0.08 5.46 +0.49
Al 6.47 3.01 −0.56 3.70 −0.50 3.14 −0.81 3.90 −0.65 3.16 −0.72
Ca 6.36 3.80 +0.34 4.41 +0.32 4.10 +0.26 − − 4.07 +0.32
Sc 3.10 0.07 −0.13 0.74 −0.09 0.42 −0.16 1.12 −0.06 0.44 −0.07
Ti 4.99 2.36 +0.27 3.03 +0.31 2.70 +0.23 3.60 +0.53 2.63 +0.25
Cr 5.67 2.64 −0.13 3.43 +0.03 2.90 −0.25 3.50 −0.25 2.72 −0.36
Mn 5.39 2.18 −0.31 − − 3.06 +0.19 − − 2.68 −0.12
Fe 7.51 4.61 0.00 5.24 0.00 4.99 0.00 5.59 0.00 4.90 0.00
Sr 2.90 −0.34 −0.34 −0.02 −0.65 0.18 −0.20 0.61 −0.37 0.53 +0.24
Ba 2.13 < −1.40 < −0.60 +0.48 +0.62 −0.34 +0.05 −0.67 −0.88 −0.34 +0.13
a : denotes an uncertain value
Table 5. kinematical data
Star π µα µδ vr U V W
mas mas mas kms−1 kms−1 kms−1 kms−1
BD -14◦ 5890 1.48 ± 1.86 −16.96 ± 2.05 −83.97 ± 1.67 +118 −205 ± 158 −183 ± 300 −116 ± 63
0.57a −406 −564 −196
HD 165195 2.20 ± 1.04 −28.55 ± 0.83 −82.87 ± 0.68 0 −102 ± 48 −157 ± 74 −26 ± 13
2.34a −96 −148 −26
HD 26169 2.83 ± 0.79 137.18 ± 0.80 74.90 ± 1.04 −20 203 ± 55 −129 ± 42 106 ± 28
1.95a 292 −194 148
HD6446 1.96 ± 0.57 38.98 ± 0.53 −48.69 ± 0.59 62 6 ± 10 −153 ± 33 55 ± 28
XX And 1.50 ± 2.15 58.97 ± 1.64 −35.46 ± 1.47 −25 118 ± 189 −170 ± 218 −72 ± 117
b 1.07 55.76 −35.16 44 118 −170 −72
HD11569 9.47 ± 0.77 268.97 ± 0.71 −29.45 ± 0.93 −18 97 ± 8 −80 ± 10 54 ± 8
HD23592 1.67 ± 1.00 14.37 ± 0.98 25.68 ± 1.06 −54 78 ± 50 36 ± 7 50 ± 9
HD27928 2.36 ± 1.16 26.90 ± 0.90 −67.47 ± 1.22 15 −98 ± 51 −107 ± 48 22 ± 17
HD33771 1.64 ± 1.08 79.65 ± 0.99 −30.25 ± 1.11 18 −45 ± 35 −179 ± 110 164 ± 115
CD-33 3337 9.11 ± 1.01 −178.43 ± 0.90 −148.74 ± 0.97 62 −15 ± 6 −44 ± 9 −128 ± 13
HD81223 3.39 ± 0.69 −102.14 ± 0.82 85.68 ± 0.66 −52 193 ± 37 4 ± 13 −7 ± 5
HD83212 1.96 ± 0.98 −15.51 ± 0.92 −20.41 ± 0.65 110 26 ± 3 −123 ± 16 −14 ± 29
HD97320 17.77 ± 0.76 159.19 ± 0.74 −201.28 ± 0.74 48 −72 ± 5 −18 ± 9 −38 ± 2
BD-01 2582 2.98 ± 1.35 −21.19 ± 1.34 −117.77 ± 0.78 0 −61 ± 28 −151 ± 69 −99 ± 46
HD111721 3.29 ± 1.11 −273.70 ± 0.94 −321.99 ± 0.66 24 131 ± 47 −524 ± 173 −282 ± 101
HD118055 .66± 1.24 −23.09 ± 1.64 −14.69 ± 0.94 −101 145 ± 172 −121 ± 317 −115 ± 82
HD122196 9.77 ± 1.32 −452.86 ± 1.08 −82.55 ± 1.01 −24 172 ± 22 −144 ± 22 16 ± 5
HD136316 1.08 ± 0.95 −27.55 ± 0.86 −64.44 ± 0.83 −45 178 ± 125 −189 ± 189 −171 ± 149
EZ Lyrb 0.95 −1.59 13.10 −60.00 95 −33 24
SW Aqr 1.15 ± 2.46 −42.05 ± 2.63 −58.87 ± 1.96 −62 −207 ± 511 −219 ± 381 44 ± 27
b 0.74 −42.89 −59.11 −36 −274 −240 36
G090-003 1.20 ± 1.41 16.93 ± 2.36 −199.64 ± 2.44 29 14 ± 26 −774± 1516 −168 ± 352
BD+80245 3.91 ± 0.88 136.81 ± 1.22 −366.66 ± 0.99 4 183 ± 56 −366 ± 115 241 ± 75
G182-031 5.91 ± 0.98 −154.86 ± 1.17 −244.96 ± 1.16 −61 −158 ± 36 −178 ± 27 32 ± 13
G023-014 8.11 ± 4.40 −140.42 ± 6.21 −231.74 ± 7.71 18 −126 ± 87 −98 ± 85 1 ± 6
G190-015 14.09 ± 1.27 175.38 ± 2.20 −313.55 ± 1.86 −55 −8 ± 2 −93 ± 11 −95 ± 18
a photometric, estimated from Mv derived from isochrones
b distance from Layden (1994), proper motions from Martin&Morrison (1998)
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APPENDIX A: COMPARISON WITH PREVIOUS RESULTS
For BD-14◦5890, the only high-resolution studies which allow a comparison to are those of Pilachowski, Sneden & Booth
(1993) and Cavallo, Pilachowski & Rebolo (1997). The [Fe/H] and [Ca/H] of Pilachowski et al. (1993) are 0.45 dex and
0.54 dex respectively higher than ours. This discrepancy can be largely attributed to the difference in the adopted effective
temperatures: our Teff is 250 K cooler. The [Fe/H] of Cavallo et al. is 0.26 dex higher than ours and in this case the main
cause of the discrepancy is the different microturbulent velocity. However, if we adopt the value of Cavallo et al. (0.8 kms−1)
our [Fe/H] becomes 0.4 dex larger than that of Cavallo et al. ; incidentally our line to line scatter doubles with this low
microturbulent velocity.
For HD 165195 we compared our results with those of Francois (1996), Gratton & Sneden (1991) and Gilroy et al. (1988).
With respect to Francois our [Fe/H] is 0.25 dex larger, and this may be attributed to our lower microturbulent velocity. In
contrast there is a strong disagreement in the Ba abundance, ours is about 0.9 dex lower than that of Francois. We have no
explanation for this difference, but point out that the result of Francois was based only on the 614.17 nm line while ours only
on the 455.4 nm line. With Gratton & Sneden the agreement is generally good at the 0.1 - 0.2 dex level, with the exception
of Ti where our abundance is over 0.3 dex larger. Also in this case our lower microturbulent velocity is the main responsible
for the discrepancy. Also the comparison with Gilroy et al. is generally good, again with the notable exception of Ti (ours is
0.66 dex larger), The microturbulence adopted by Gilroy et al. is the highest for this star among the reviewed studies: 2.8
kms−1. With this high value of ξ our data imply a Ti abundance which is 0.73 dex lower, i.e. in substantial agreement with
that of Gilroy et al. .
For HD 26169 we compared our results with those of Peterson, Kurucz & Carney (1990); for all the elements in common
our abundances are lower than those of Peterson et al. , only a few hundredths of dex for Sc and Ba and as much as 0.36 dex
for Cr. While this agreement may be regarded as satisfactory in the context of the claimed accuracy of the present analysis, it
is somewhat disappointing, considering the fact that we have virtually the same atmospheric parameters (the only difference
is 0.1 kms−1in ξ) and adopt the same kind of models.
This paper has been produced using the Royal Astronomical Society/Blackwell Science TEX macros.
